SUPPLEMENTAL EXPERIMENTAL PROCEDURES
therefore cannot be viewed as a complete documentation of the proteins' functional sites. In addition, in some cases more than one functional site is documented. To deal with such cases we used the P-value calculated in our previous publication (Nimrod et al., 2005) with a modification, namely, that the distance (D) was measured between the center of the ML patch and the center of its closest site. We defined the D-value of an ML patch as the probability that the distance between the center of a randomly selected patch and its closest site is smaller than D.
It should be noted that the D-value provides only a rough validation of the predictions, as it may fail when the center of an incompletely documented SITE residue is far from the center of the full functional site. We considered a D-value below 0.103 as successful prediction because D-values below this threshold were assigned to all 26 patches that included the complete site residues, but to only three patches that did not include SITE residues.
In addition we used a more common measure of performance: The fraction of SITE residues that were correctly predicted in comparison to the total number of predicted residues. The reports based on this measure excluded PDB ID 1nox, which includes only a single, non-amino acid, documentation of SITE (namely, the flavin mononucleotide molecule).
Special Considerations in the Comparison of PatchFinder with Other Methods
In order to enable a comparison of PatchFinder with related, but not fully automated methods, we interpreted the output of these methods to correspond to PatchFinder's output.
Unlike PatchFinder, the predictions of siteFiNDER|3D (Innis, 2007) are not ranked according to their expected significance. Thus, for practical reasons, for each protein we considered the siteFiNDER|3D prediction that identified the maximal number of SITE residues. (Thereby, introducing a bias in favor of siteFiNDER|3D).
In order to enable a comparison of the clusters of the ET Viewer (Morgan et al., 2006) with the ML-patches of PatchFinder, we conducted the following procedure for each protein. First, we iterated over the various rank cutoffs of the ET Viewer result. For each cutoff we considered the largest cluster of residues. Of the clusters that were collected, we considered the one in which the number of residues was the closest to that of the ML-patch of PatchFinder. Since PatchFinder does not consider buried residues, we also examined the ET Viewer clusters in which the number of solvent accessible residues was the closest to that of the ML-patches PatchFinder. This adjustment did not change the overall performance of the ET Viewer at all.
The HotPatch algorithm (Pettit et al., 2007) finds automatically one or more non-overlapping patches in each protein. We compared the ML-patch of PatchFinder with the patch of HotPatch with the highest rank ('best patch' in Table 1 of the main text). As shown in the table, the patches of HotPatch were considerably smaller than those predicted by PatchFinder. Therefore, we also compared the ML-patches of PatchFinder with all the HotPatch predictions for each protein ('all patches' in Table  1 ).
Comparison of PatchFinder with Sequence-Based Methods
We conducted a rough comparison with prediction methods that were benchmarked by del Sol Mesa et al. (del Sol Mesa et al., 2003) . Those authors analyzed four methods for the prediction of functionally important residues based on sequence evolution (Casari et al., 1995; Hannenhalli and Russell, 2000; Landgraf et al., 2001; Sander and Schneider, 1991) . They defined a Z-score based on the distance of each predicted residue from its closest SITE residue relative to the distances of all the residues in the protein from the same SITE residue. It should be noted that this measure differs from the one we employed here, although their work inspired us when we developed the D-score measure used in this study (see below). According to the analysis of the dSM test set, the predictions that residues which are absolutely invariable are functionally important had the lowest (i.e., the best) Z-score values of the four methods. Of these residues, 59% were assigned Z-score values better than −1, and 19% were assigned values better than −2. In comparison, 68% and 24% of the residues predicted by PatchFinder were assigned Z-score values better than −1 and −2, respectively. Thus, within this rather limited comparison, PatchFinder was superior to the best sequence-based methods.
Investigating Three Outliers
The three patches tagged '1' to '3' in Figure 1 of the main text were assigned high Zscores but also high D-values, and were therefore allegedly false predictions. Examination of these and other outliers showed that a high D-value occasionally resulted from partial documentation of the functional site in the PDB. The first patch ('1' in Figure 1 ) was found in a dihydrodipicolinate reductase from E. coli (Reddy et al., 1996) , which catalyzes the formation of tetrahydrodipicolinic acid from dihydrodipicolinic acid and NAD(P)H. This reaction is a component of the lysine biosynthesis pathway in bacteria (Reddy et al., 1996) . PatchFinder found a patch of 26 residues that seemed to correspond to two regions within the functional site ( Figure  S2 ). One region is documented in the PDB file as the dinucleotide-binding site. The second region was previously suggested to be the substrate-binding site (Scapin et al., 1995) , but is not referred to as a functional site in the PDB file. Furthermore, mutations in positions His159 and Lys163 that are not documented as SITEs but were found in the ML-patch, result in a substantial decrease in the enzyme's catalytic activity (Scapin et al., 1997) . It thus appears that the high Z-score assigned to this patch is justified.
The second protein ('2' in Figure 1 ) is from a lipase in Geotrichum candidum (Schrag and Cygler, 1993) . A catalytic Ser-His-Glu triad is documented in the PDB file as the protein's active site. PatchFinder overlooked these three residues, since they are completely buried in the protein structure. The inaccessibility of these catalytic residues may suggest that this conformation is not lipolytic (Schrag and Cygler, 1993) . PatchFinder did however find a large patch of 65 conserved residues on the surface of this 544-residue structure. Eight of these residues appear in the definition of two lipase-related PROSITE (Sigrist et al., 2002) motifs found in the protein. It thus seems that at least some of the residues in the ML patch are functionally important.
The protein tagged '3' is BirA, annotated as a bifunctional protein (Wilson et al., 1992) . It functions as a transcription regulator and also catalyzes the formation of biotinyl-5'-adenylate from biotin and ATP. PatchFinder found a patch of four residues, only one of which (Lys183) is documented as a SITE. Further analysis (Milburn et al., 1998) revealed that in another crystal structure of the same protein (PDB ID 1hxd; (Weaver et al., 2001) , two other patch residues (Asp176 and Gly186) are in contact with the biotin molecule. With regard to the fourth residue in the patch (Asn175), we found that the homologous position in the biotin protein ligase from Pyrococcus horikoshii is in contact with the biotin (Bagautdinov et al., 2005) . Thus, the high Z-score that was assigned to the patch is justified here as well. It is worth noting that the patch that was ranked second by PatchFinder was assigned the high Zscore value of 5.4. This patch included seven of the eleven residues documented as active site residues in the PDB file (Wilson et al., 1992) .
Q9I5E5_PSEAE: PatchFinder's Functional Site Is Supported by Additional Evidence
PrpF from Shewanella oneidensis is a closely related homolog of Q9I5E5_PSEAE (75% sequence identity) whose structure was recently determined (Garvey et al., 2007) . PrpF is a predicted aconitate isomerase and was crystallized bound to the negatively charged molecule, trans-aconitate (Garvey et al., 2007) . Superimposition of the structures of Q9I5E5_PSEAE and PrpF shows high similarity between the structures and overlap between the predicted functional region of Q9I5E5_PSEAE and the binding site of the trans-aconitate in PrpF. This similarity strongly supports the prediction of PatchFinder. It is note worthy that this particular fold is associated with more than one function, so that the similarity in sequence and structure does not necessarily allow inference of the exact function. Figure S3 ). This protein, a member of a recently characterized GTPase family, also functions as a homodimer (Gras et al., 2007) .
N-Func: Prediction of Function Based on the Functional Region

Q3M7B8_ANAVT: A Potential GTPase
Proteins that are involved in binding and hydrolysis of GTP often share common structures and mechanisms, which depend on several sequence signatures (Vetter and Wittinghofer, 2001) . One of these sequence motifs is GXXXXGKS/T, which corresponds to a phosphate-binding loop (P-loop; X represents any amino acid). This motif is common to ATP-and GTP-binding proteins (Saraste et al., 1990) , including human Rab5a. Superimposition also revealed that the region in Q3M7B8_ANAVT which corresponds to the P-loop of Rab5a exhibits the sequence 158 GTDMAIGKM 166 . This sequence closely resembles the known P-loop motif. GTPases usually function in regulation, and they switch between 'on' and 'off' states bound to GTP and GDP, respectively. Two flexible regions, termed switch I and switch II, aid in the interconversion between these states (Milburn et al., 1990) . 'Gln61', which is located in switch II, is evolutionarily conserved and was found to be crucial for the activity of GTPases (Zor et al., 1998) . Gln233 in Q3M7B8_ANAVT is 4.8 Å away from 'Gln61' (position 79 in human Rab5a) in the superimposed structures of human Rab5a. This residue is also highly conserved and is part of the ML-patch found by PatchFinder. Some other GTPase-related motifs (e.g. DXXG and N/TKXD (Vetter and Wittinghofer, 2001) could not be found in Q3M7B8_ANAVT. It is possible, therefore, that the protein binds a nucleotide other than GTP. Alternatively, Q3M7B8_ANAVT might represent a new class of GTP-binding proteins that do not present the latter motifs.
A large domain in Q3M7B8_ANAVT was not structurally aligned to either Rab5a or Pab0955 ( Figure 4B and Figure S3) . Some of the residues in the ML patch are located in this domain, implying that these residues play an essential role in the protein's function. Overall, the calculations using PatchFinder and the other tools described here indicated the approximate location of the functional region. Furthermore, the PatchFinder calculations suggested additional residues (beyond those detected by other methods), which are located close to the putative nucleotidebinding site and might also play a significant role.
Y5224_ARATH: The Predicted Functional Region Overlaps with a LigandBinding Site
Another example of hypothetical protein in the N-Func database is PDB ID 1xq6 from Arabidopsis thaliana. This protein, which is partially annotated by sequence similarity as a member of the 'NAD-dependent epimerase/dehydratase family' (Finn et al., 2006) was crystallized with an NADP molecule ( Figure S4 ). Analysis by PatchFinder revealed a patch of 15 residues with a Z-score of 11.8. This patch ( Figure  S4 , red) is in the ligand-binding pocket, verifying the region's functional importance.
The Z-Score Measure of del Sol Mesa et al
The D-value that we used to evaluate the performance of PatchFinder was based on the Z-score calculations of del Sol Mesa et al. (del Sol Mesa et al., 2003 ) with a few adjustments, as described below. However, when we compared PatchFinder with the methods examined by del Sol Mesa et al., we had to use the Z-score measure as described in that paper.
The Z-score used by del Sol Mesa et al. was assigned to each of the predicted functional residues, based on its distance from the closest SITE residue relative to the distribution of distances of all the residues in the protein from that SITE residue. However, since the distance is measured between the predicted residue and its closest SITE residue, the same rule should be applied to the background distribution. Hence, what should be measured is the distance of each residue in the protein from its closest SITE residue, as with the D-score.
The second aspect is that PatchFinder looks for a cluster of residues which are continuous over the surface of the protein. The predictions of the methods examined by del Sol Mesa et al., however, are not necessarily continuous over the protein's surface, giving those methods an additional degree of freedom. For example, when the site is only partially documented, the 'SITE residues' might appear as discontinuous on the surface. The prediction of a patch that includes all the SITE residues will necessarily include also residues that link these SITE residues in the functional region. This constraint does not apply in the case of the sequence based methods, and might result in a preference of the scattered predictions over the predictions of PatchFinder in the Z-score measure.
Despite these two reservations, our analysis showed that PatchFinder outperformed the methods examined by del Sol Mesa et al.
Figure S1. Improved Geometric Representation of the Protein in PF2
The figure shows a slab view of the structure of the biphenyl-2,3-diol 1,2-dioxygenase from Burkholderia xenovorans. The ML patch detected by PF2 (blue) overlaps closely with the Fe-binding site on the left cavity, and includes residue His195 (red). Arg193 (green) is located in a different cavity on the opposite side of the protein.
Because the Euclidean distance between these two residues is short, the ML patch found by PF1 extends into the cavity. In PF2 this problem was resolved by the use of the Delaunay triangulation. Protein orientation and location of the cross-section are shown at top left. The figure was produced using UCSF Chimera (Pettersen et al., 2004) . The ML patch residues that were confirmed to be functionally important are in gold. The rest of the residues in the patch are in red. Residues which, according to the documentation, comprise the dinucleotide-binding site and are missing in the patch are in purple. The NHD molecule is colored yellow in wire representation. Because documentation of the functional site in the PDB file is only partial, the D-value assigned to the ML patch was high despite the fact that the patch corresponds to the functional region. Figure S3 . Structural Similarity between Q3M7B8_ANAVT and the Newly Characterized GTP-Binding Protein, Pab0955 (A) Superimposition, using the C-alpha match server (Bachar et al., 1993) of the structures of Q3M7B8_ANAVT (green) and Pab0955 (red; Gras et al., 2007) . The picture was produced using PyMol (DeLano, W.L. The PyMOL Molecular Graphics System (2002) DeLano Scientific, San Carlos, CA, USA. http://www.pymol.org). (B) Two-dimensional representation of the structural alignment between Q3M7B8_ANAVT and Pab0955, as computed by the Dali server (Holm and Sander, 1998) . The aligned positions are colored according to the distance between the Calpha atoms. The structural similarity between Q3M7B8_ANAVT and this GTPbinding protein suggests that Q3M7B8_ANAVT might also bind GTP. Representation of the alignment was produced with VISTAL (Kolodny and Honig, 2006) . (B) The ML-patch found by PatchFinder (red) corresponds to the interface between chain A (shown in surface representation) and chain B (green ribbons). The marked evolutionary conservation at this interface suggests that the protein dimerizes through this contact region. (C) The second protein−protein interface is formed between chain B (shown in surface representation and colored according to the conservation coloring scale) and chain C (orange ribbons). Evolutionary analysis reveals high variability at this interface, suggesting that it is not a physiological contact. (D) A conserved patch was not found in the interface between chain B (surface representation) and chain C (orange ribbons), suggesting that this interface might not exist in vivo. 
